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Abstract: Public safety and surveillance are critical components of urban management, requiring advanced technological
solutions to ensure efficiency and accuracy. This research presents a real-time people counting system designed to enhance
public safety through intelligent monitoring and data-driven decision-making. Traditional surveillance methods often struggle
with accuracy, especially in crowded environments, leading to inefficiencies in security management. To address these
challenges, this study integrates loT-based smart sensing, machine learning algorithms, and edge computing to develop a robust
people counting framework.The proposed system utilizes computer vision techniques and embedded technology to track and
analyze pedestrian movement in real time. By leveraging automated detection and predictive analytics, the system can identify
crowd density patterns, detect anomalies, and provide actionable insights for security personnel. The integration of wireless
communication and cloud-based data processing ensures seamless operation, enabling authorities to respond proactively to
potential threats or overcrowding situations. Experimental results demonstrate the system’s high accuracy in diverse
environments, including public transportation hubs, commercial spaces, and event venues. The findings highlight the potential
of Al-driven surveillance in optimizing security measures, improving emergency response strategies, and enhancing overall
public safety. This research contributes to the growing field of smart city infrastructure, offering a scalable and efficient solution
for real-time crowd monitoring. Future advancements may include multi-sensor fusion and Al-powered behavioral analysis to
further refine security applications.

Keywords: People Counting System, Smart Public Safety ,Real-Time Surveillance, Crowd Monitoring, loT-Based Security
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I. INTRODUCTION
As cities become more densely populated and public safety challenges continue to grow, the demand for efficient and affordable
surveillance systems is rising. While advanced Al-based video surveillance is making strides, there remains a critical need for cost-
effective, hardware-based alternatives that can be easily deployed in various environments. This project introduces a real-time
people counting and environmental monitoring system designed for smart public safety and surveillance, using ultrasonic sensors,
temperature and humidity sensors, buzzers, and Arduino microcontrollers. The primary objective of this system is to provide a low-
cost, real-time solution for monitoring the number of individuals in a specific area, along with tracking environmental conditions
such as temperature and humidity. By using ultrasonic sensors, the system can accurately detect the presence and movement of
people by measuring distance and identifying entries and exits. This data helps in maintaining crowd control, ensuring safety
regulations are met (e.g., maximum occupancy), and optimizing resource usage in public or semi-public spaces such as offices,
classrooms, libraries, hospitals, and public transport terminals. To enhance the value of the system, temperature and humidity
sensors are integrated to continuously monitor ambient conditions. This information is vital, especially in confined spaces, for
maintaining air quality and thermal comfort, and it can also play a role in early warning systems for fire prevention or equipment
overheating. Arduino microcontrollers serve as the core processing unit, offering a simple, reliable, and scalable platform for
handling real-time sensor data, executing logic, and triggering alerts. The system is programmed to activate a buzzer whenever
predefined safety thresholds are crossed — for instance, if the number of people in the monitored space exceeds a limit or if the
temperature becomes dangerously high. This immediate alert mechanism ensures swift responses in potentially hazardous situations.
One of the key strengths of this project is its simplicity and affordability, making it accessible for deployment in both urban and
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rural settings. It also requires minimal power, is easy to maintain, and can function independently or be integrated into larger loT-
based safety infrastructures. In conclusion, this real-time people counting and environmental monitoring system provides an
effective and low-cost approach to enhancing public safety and surveillance. By combining basic yet reliable sensors with Arduino
technology, it offers a smart, scalable solution for managing occupancy and environmental safety — especially in scenarios where
complex Al-based systems may not be feasible or necessary.

Il. LITERATURE REVIEW

1) An Arduino UNO Based Environment Monitoring System: This study presents a cost-effective system utilizing the Arduino
UNO microcontroller to monitor environmental parameters such as temperature, humidity, and CO: levels. The system's
scalability and affordability make it suitable for various environmental monitoring applications. The paper details the system's
architecture, hardware, and software requirements, demonstrating its viability through experimental results.

2) Evaluation of an Arduino-based IoT Person Counter: This research proposes an loT-based person counter implemented using
motion and ultrasonic sensors. The system aims to enhance security and regulate room temperature by accurately counting
individuals entering or exiting a space. Algorithms are developed to manage the sensor data, and experiments validate the
system's effectiveness in real-world scenarios.

3) A Novel Environmental Monitoring System for Real-Time using Arduino and Node.js: This paper introduces a real-time
environmental monitoring framework employing an Arduino UNO board, DHT11 sensor, and ESP8266 Wi-Fi module. Data is
transmitted to the ThingSpeak 10T platform for analysis and storage. An Android application accesses the cloud-stored data via
REST API, providing users with real-time environmental information. Experimental results confirm the system's effectiveness.

4) Monitoring Temperature and Humidity using Arduino Nano and DHT11 Sensor with Real-Time DS3231 Data Logger and
LCD Display: The study focuses on developing a functional hardware and software system to measure temperature and
humidity using an Arduino Nano and DHT11 sensor. The system records data in real-time, stores it on an SD card, and includes
an alarming mechanism with a piezo buzzer and LED indicators. This setup allows for continuous monitoring and alerts when
environmental parameters exceed predefined thresholds.

5) Implementation of Arduino-Based Counter System: This paper discusses an automated counter system designed to count the
number of people entering or leaving a room. Utilizing infrared and piezoelectric sensors interfaced with an Arduino UNO, the
system intelligently detects and maintains a count of individuals. The low-voltage, low-maintenance design makes it suitable
for various applications requiring occupancy monitoring.

6) Comparative Study of the Ultrasonic and Infrared Person Counter: This research compares ultrasonic and infrared sensors for
people counting applications. Using an Arduino UNO, the study evaluates the performance of both sensor types in detecting
individuals. The findings suggest that while both sensors have their merits, the choice between them depends on specific
application requirements, such as environmental conditions and.

11l. METHODOLOGY/EXPERIMENTAL
This section outlines the comprehensive approach adopted in the design, development, and implementation of a real-time people
counting and environmental monitoring system. The methodology involves hardware selection, sensor integration, circuit design,
microcontroller programming, logic development for people counting, environmental monitoring, and alert triggering. Each
component plays a vital role in achieving the goal of providing a low-cost, efficient, and reliable system for smart public safety and
surveillance.

A. System Overview
The proposed system is designed to monitor:

e People movement (entry and exit) using ultrasonic sensors.

e  Ambient conditions using temperature and humidity sensors.
Alert mechanisms using a buzzer when thresholds are exceeded.

e Real-time data processing using an Arduino microcontroller.
The system counts the number of individuals in a room or designated space, monitors environmental conditions, and provides
auditory alerts when necessary (e.g., overcrowding or unsafe temperature levels). All of these functionalities are achieved through
an embedded microcontroller-based architecture.
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B. Hardware Components
1) Ultrasonic Sensors (HC-SR04)
Ultrasonic sensors are used for detecting movement and counting individuals. These sensors work by emitting ultrasonic waves and
calculating the time taken for the echo to return after hitting an object (e.g., a human body). The HC-SR04 module consists of a
transmitter and a receiver and can measure distances from 2cm to 400cm with an accuracy of about 3mm.
e Use in the project: Two ultrasonic sensors are placed at the entry and exit points. They are configured to detect the
direction of movement—whether a person is entering or exiting.

Ultrasonic Sensor

2) DHT11 Sensor (Temperature & Humidity)
The DHT11 sensor is a digital temperature and humidity sensor. It provides calibrated digital output, making it easy to interface
with the Arduino.
e Use in the project: Used to monitor the temperature and humidity of the environment continuously. It helps maintain
optimal comfort levels and ensures public health and safety, especially in closed or high-density spaces.

3) Arduino UNO
The Arduino UNO microcontroller is the brain of the system. It reads data from the sensors, processes the information, maintains
people count logic, and activates alerts when necessary. It is chosen for its simplicity, large community support, and ample GP10O
pins.
e Use in the project: Processes sensor data, counts people, stores current count, and triggers the buzzer when thresholds are
exceeded.
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4) Buzzer (Passive or Active)
The buzzer is used to provide immediate feedback or alert. If the number of people in a space exceeds a predefined safety threshold
or if the temperature rises above a certain level, the buzzer is activated to draw attention.

e Use in the project: Audio alert for overcrowding or abnormal temperature/humidity conditions.

5) Power Supply
A regulated 5V DC power supply is used to power the Arduino and sensors.
a) 3. Circuit Design and Connections
The components are connected as follows:
e Ultrasonic Sensors:
o Trigger and Echo pins connected to digital 1/O pins of Arduino.
0 VCCto 5V, GND to ground.
e DHT11 Sensor:
o Signal pin to a digital pin on the Arduino.
0 VCCto 5V, GND to ground.
e Buzzer:
o0 Positive terminal to a digital pin.
0 Negative terminal to ground.
Note: Pull-up resistors may be added where required for signal stability.
A breadboard or custom PCB can be used for prototyping the circuit.

b) 4. People Counting Logic
The people counting mechanism relies on two ultrasonic sensors placed strategically at the entrance and exit of a room. The logic

for counting is as follows:

4.1 Sensor Placement

e Sensor A (Entry) and Sensor B (Exit) are aligned at shoulder height on either side of a doorway.

e The distance reading from both sensors is continuously monitored.

4.2 Logic Flow

1. If Sensor A detects an object first followed by Sensor B within a short time interval, the system interprets this as a person
entering. The counter is incremented by 1.

2. If Sensor B detects an object first followed by Sensor A, the system interprets this as a person exiting. The counter is
decremented by 1.

3. Atime delay or debouncing mechanism is used to prevent false triggers.

4. The count is maintained in a variable stored in memory.

4.3 Threshold Conditions

e A maximum limit (e.g., 10 people) is defined.

e If the count exceeds the threshold, the buzzer is activated.

e The count is displayed or transmitted for further monitoring (optional feature).
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c) 5. Environmental Monitoring Logic
The DHT11 sensor continuously sends real-time readings of temperature and humidity to the Arduino.

5.1 Data Reading
e Arduino reads values from DHT11 every few seconds.
e The values are stored and compared to predefined safety thresholds.
5.2 Threshold Conditions
e  Temperature limit: e.g., 35°C.
e  Humidity limit: e.g., 70%.
If either limit is exceeded:
e The buzzer is triggered.
o (Optional) Alert message can be sent to a display or external server via serial/Wi-Fi.

d) 6. Buzzer Alert Mechanism
The buzzer is a simple but effective way to alert staff or users. It is activated by the Arduino in the following conditions:

e When the number of people exceeds the safe occupancy limit.
o When temperature or humidity readings exceed safe levels.
This ensures that necessary action (like ventilation, evacuation, or investigation) can be taken immediately.

e) 7. Software Development and Programming
The software is written using the Arduino IDE (C/C++ based). The logic includes:

e Initialization of sensors and variables.

e Continuous reading of sensor data.

e Logic for entry and exit detection.

e Logic for environmental condition monitoring.
e Alert activation and control logic.

7.1 Libraries Used
e NewPing.h for ultrasonic sensors (optional, helps with distance calculation).
e DHT.h for DHT11 sensor.
e Wire.h or LiquidCrystal.h (optional for display).

7.2 Code Segments

Setup function to initialize pins and sensor objects.

Loop function for continuous monitoring and processing.

Functions to calculate distance, detect movement direction, count people, and evaluate environmental parameters.

f) 8. System Testing and Calibration
The system is tested in a controlled environment to ensure:

e Accurate counting of people.

e Reliable detection of movement direction.

e Precise readings from the temperature and humidity sensors.
e  Proper activation of the buzzer.

IV. RESULTS AND DISCUSSIONS
A. System Testing Overview
After assembling the system and uploading the final code to the Arduino, the project was tested under various conditions to validate
its performance in real-world scenarios. The testing focused on three key aspects:
e Accuracy of people counting
e Responsiveness of environmental monitoring (temperature and humidity)
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o Effectiveness of the buzzer alert system under threshold violations

The testing environment was a standard-sized room with a single entry/exit point, simulating spaces like a classroom, office, or
small public waiting area.

1) 2. People Counting Results
2.1 Setup
Two ultrasonic sensors were positioned at the doorway, one inside and one outside. They were set up to detect the sequence of entry
and exit movements.
2.2 Observations
e Accuracy: The system successfully counted people entering and exiting in most test cases.
o Single-person movement: Achieved over 95% accuracy.
o0 Group movement (one after another): Accuracy dropped slightly to around 85-90% depending on spacing
between individuals.
o0 Simultaneous entry and exit: System showed minor inconsistencies. In some cases, both sensors triggered nearly
simultaneously, leading to miscounts. A debounce/delay strategy helped minimize these issues.

e Edge cases: People standing in the doorway or repeatedly moving in and out quickly occasionally caused erratic readings.
Adding a delay and logic condition in the code (e.g., “person must clear sensor zone before another count is triggered”)
improved performance.

2.3 Count Display and Storage
Though the current setup did not use a display or storage module, internal serial monitor logs showed the live count value updating
correctly based on entry/exit logic. This count can be easily displayed on an LCD or sent to a web dashboard for future expansion.

2) Environmental Monitoring Results
3.1 Temperature and Humidity Readings
The DHT11 sensor performed reliably during tests conducted at different times of day. Example readings:

Time Temperature (°C) Humidity (%)

10:00 AM 28.1 55
1:00PM 314 52
4:00PM 32.7 48
7:00PM 29.6 60

These readings were consistent with values from standard room thermometers and humidity sensors.
3.2 Threshold Alerts
e The system was programmed to trigger the buzzer if:
0 Temperature > 30°C
0 Humidity > 65%
e Results:
o During mid-afternoon, the temperature exceeded the limit, and the buzzer activated as expected.
0 Manual simulation (breathing near the sensor or placing it in a warmer area) also triggered alerts correctly.
0 Humidity levels generally stayed within range, but the buzzer also responded properly to artificially induced
spikes (using a mist sprayer).

3) 4. Buzzer Alert System
The buzzer served as a real-time alert mechanism. Its responsiveness was validated during two scenarios:
a) Overcrowding alert:
0 A predefined limit (e.g., 5 people) was set for the space.
0 On the 6th person entering, the system counted correctly and triggered the buzzer.
b) Environmental alert:
0 Temperature or humidity crossing thresholds activated the buzzer.
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0 The buzzer was deactivated automatically once values returned to normal or the room was ventilated.
Conclusion: The buzzer added a strong real-time feedback mechanism that can alert staff or users immediately, even without digital
displays or internet access.

4) 5. Limitations Observed

Although the system functioned well in most scenarios, a few limitations were identified:

e Simultaneous entry/exit confusion: If people enter and exit at exactly the same time, the system may miscount due to ultrasonic
sensor overlap.

e Sensor blind zones: Ultrasonic sensors have a minimum distance limitation (~2 cm). If someone stands too close, detection may
fail.

e DHT11 refresh rate: The sensor has a slower update rate (once every 1-2 seconds), which is acceptable for ambient monitoring
but unsuitable for rapid changes.

V. FUTURE SCOPE

The real-time people counting and environmental monitoring system using Arduino, ultrasonic sensors, DHT11, and buzzers lays a
strong foundation for future developments in smart safety and surveillance. Although the current prototype performs well for basic
use cases such as monitoring room occupancy and temperature/humidity levels, there is significant potential for expansion and
improvement. One major area of future enhancement involves upgrading the sensor technology. Replacing or supplementing
ultrasonic sensors with infrared or PIR motion sensors could improve detection accuracy, especially in scenarios with multiple
people moving simultaneously or in low-light conditions. For high-traffic environments, integrating computer vision through low-
cost cameras and Al-based image processing could provide even more accurate people detection and counting. Additionally, this
system can be made loT-enabled by incorporating Wi-Fi or GSM modules (e.g., ESP8266 or SIM800L). This would allow data to
be transmitted in real-time to a cloud-based platform, enabling remote monitoring, data logging, and alert notifications via mobile
apps or web dashboards. Such functionality would be useful in public areas like hospitals, offices, schools, or transportation hubs
where real-time monitoring is critical for safety and crowd management. The alert mechanism can also be enhanced. Instead of a
simple buzzer, future versions can include SMS alerts, automated emails, or integration with building management systems.
Furthermore, energy-efficient designs using battery or solar power can increase the system's reliability, especially in remote or
outdoor locations. Ultimately, the system has the potential to evolve into a comprehensive, low-cost, smart public safety tool
suitable for smart cities and intelligent infrastructure management.

VI. CONCLUSION

In conclusion, the implementation of a real-time people counting and environmental monitoring system using Arduino, ultrasonic
sensors, DHT11, and buzzers successfully demonstrates a low-cost and efficient solution for enhancing public safety and
environmental awareness in indoor spaces. The system effectively counts individuals entering and exiting a designated area and
monitors key environmental parameters such as temperature and humidity. When predefined thresholds are exceeded, the buzzer
alert provides immediate feedback, ensuring timely action can be taken.

Throughout testing, the system exhibited reliable performance under normal operating conditions and provided valuable data that
can aid in crowd control and environmental comfort. Although basic in design, the modular nature of the project allows for easy
scalability and upgrades, such as integrating wireless communication, cloud data logging, or more advanced sensors. This project
not only highlights the potential of embedded systems in smart surveillance but also lays the groundwork for future advancements in
smart building and smart city applications.
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